Abstract: Construction firms need to identify and mitigate the possible risk factors that can occur in projects to increase their performance considering the increasing competitiveness in the construction industry. Taken into account of huge demand for infrastructure services allied to Iraq's reconstruction, road projects become prominent ones among required infrastructure projects. In this context, identifying risks and developing a risk analysis model for the road construction projects in Erbil constitutes the aim of the study. In this context, a total number of 67 risks that affects road construction projects were identified with a comprehensive literature review. Then, a survey questionnaire was used for data collection with the participation of 56 respondents to perform qualitative risk analysis. Gathered data was analyzed by using probability-impact matrix to prioritize identified risks. After then, Monte Carlo Simulation was used as a quantitative risk analysis method. According to the result of qualitative analysis, a total number of 46 risk factors out of a total number of 67 risk factor were found out as the prominent risk factors for road construction projects in Erbil. The results of Monte Carlo simulation also show that the technical risks are the most significant risks considering their effect on the total project cost.
INTRODUCTION
Recently, necessity for risk analysis of infrastructural projects such as roads, bridges etc. increased due to high rework costs, deadline limits and the quality expectations of the public and private clients in the construction industry. The road construction in northern Iraq, for the last decade had witnessed a great development due to reconstruction of the region. However all the road projects in in Iraq especially in Erbil, are suffering from cost overrun, time delay, and insufficient quality. Taken into account of huge demand for road projects in Erbil, the risk management process become crucial because risks can cause cost increases, time delays, and lack of quality of projects. As it is known, the risk management process has an important role in project management and therefore, it should be developed to achieve additional improvement in the projects. Project risks can be defined as an uncertain event or condition that has a positive or negative effect on project objectives, such as time, cost, and quality (Ashley et al. 2007; PMBOK 2008) . Thus, there is a need for a risk management process to manage all types of risks in projects. Risk management includes the processes of conducting risk management planning, identification, analysis, response planning, monitoring, and control on a road project. The risk analysis process in road projects can be complex because of the complexity of the modeling requirements and the subjective nature of the data for conducting the analysis. However, there is an enormous number of study concentrated on risk management in road construction projects. For example, Sato et al. (2005) conducted quantitative risk analysis based on real data in road projects in Japan and based on the obtained data, the frequency and the impact of each event were analyzed and summarized in a risk ranking matrix. In addition, arrow diagrams were built to represent the sequence of project steps. By translating the arrow diagrams to Monte Carlo simulation system, some model projects were simulated. used jackknife technique in highway risk analysis. At first risks were ranked with a common technique, and then those risks ranked with the jackknife technique. Zayed et al (2008) studied risk and uncertainty analysis in highway projects in China by using R index model with Analytic Hierarchy Process (AHP). McGoeySmith et al (2007) used Monte Carlo capability of @RISK in quantitative risk analysis of a large transportation project. Khazaeni et al (2012) used a fuzzy adaptive decision making model for selection of balanced risk allocation which transforms the linguistic principles and experiential expert knowledge into a more usable and systematic quantitative-based analysis by using the fuzzy logic. Diab and Nassar (2012) used risk analysis to improve highway construction project performance. The study was to analyze and evaluate the different risk drivers in highway construction projects in the US. In the mentioned above studies, the researchers considered a large sample data in a parametric statistical framework and it was found out that risk management plays significant role in the accomplishment and completion of road construction projects. In addition, the risk management of road projects in the developing countries, such as Erbil, has not been received sufficient attention from researchers. Based on the information gathered from the Road Sector Development Program, execution of most of the road projects in Erbil resulted in cost and time overruns. In this context, this research examines whether such risks contribute to cost and time overruns based on the road construction projects in Erbil.
RISK MANAGEMENT IN CONSTRUCTION
Risks have a significant impact on a construction project's performance in terms of cost, time and quality. As the size and complexity of the projects have increased, an ability to manage risks throughout the construction process has become a central element preventing unwanted consequences. The need for project risk management has been widely recognized. The objectives of project risk management are to increase the likelihood and impact of positive events, and decrease the likelihood and impact of negative events in the project. It involves processes, tools, and techniques that will help the project manager maximize the probability and results of positive events and minimize the probability and consequences of negative events as indicated and appropriate within the context of risk to the overall project objectives of cost, time, scope and quality. Project risk management is most effective when first performed early in the life of the project and is a continuing responsibility throughout the project's life cycle. Risk management includes the processes of 1) risk management planning, 2) risk identification, 3) qualitative/quantitative analysis of risks, 4) response planning, and 5) risk monitoring and control (PMBOK, 2018) . In this context, study will adopt those processes presented by PMBOK.
Identification of Risk Factors Affecting Road Construction Projects
In the study, for identifying risk factors affecting road construction projects, a comprehensive literature review was conducted. According to literature review, risk factors were separated into two groups, namely internal and external risks. Internal risks consist of "technical risks, environmental risks, organizational risks, project management risks, right of way risks and construction risks". In external risks, "political risks, social and cultural risks, economical/financial risks and natural risk" were identified from the literature review. Also, every identified risk groups involve sub-risks. Risk groups and their sub-risks were given below. 
Case Study: Road Construction Projects in Erbil
In this study, road construction projects in Erbil were investigated and a qualitative and quantitative risk analysis with a Monte Carlo Analysis was conducted to analyse and illustrate the prominent risk factors.
Qualitative Risk Analysis
Qualitative risk analysis is the process of prioritizing risks for further analysis or action by assessing and combining their probability of occurrence and impact. The key benefit of this process is that it enables project managers to reduce the level of uncertainty and to focus on high-priority risks. In the study, probability and impact matrixes were developed for each risk factor. Required data for the probability-impact matrixes were gathered from a total of 56 participants (the project team members of the road projects in and the professionals in road construction). Participants were selected for their familiarity with the risk categories on the agenda.
Before performing probability-impact matrixes (P-I matrixes), a draft questionnaire was sent to two supervisor and five expertise in road construction industry for analysis and correction. This led to a review of the identified risk factors. All experts reach a consensus that the identified risk factor are valid for road construction projects in Erbil. After the validation of the identified risks was gathered the final questionnaire was subsequently produced. The final questionnaire was designed to gather information from professionals working in road construction sector in Erbil. As Biggam (2015) indicates there are a few number of sampling techniques that can be used such as random sampling, stratified sampling, cluster sampling, systematic sampling, quota sampling, and convenience sampling. In this study, convenience sampling was used to select respondents in the road sector because of easy access to research subjects.
The questionnaire that includes P-I matrixes were sent out to a total number of 80 professionals by e-mail. Both e-mail and telephone calls were used as a reminder to those who did not return the questionnaires within the specified period. The total number of 56 responses (70%) was returned. The response rate was deemed adequate for the data analysis hence the response rate of 20-30% for postal questionnaires of the construction industry was indicated as a sufficient amount.
In P-I matrixes, both the probability and impacts of each risk factor were assessed from very low (VL) to very high (VH) by their rates according to Table 1 and combined through the P-I matrix as shown in the Figure 1 to classify risks as low, moderate, or high priority. The matrix method is the commonly used to classify risks according to their seriousness. The matrix has two dimensions; probability on the vertical axis and impact on the horizontal axis, both ranged from very low (VL) to very high (VH). P-I matrixes can be classified into following three zones:
• Low (Green): risks in this zone are characterized as low risks, and can be usually ignored or eliminated from further analysis.
• Moderate (Yellow): risks in this zone are of moderate importance, and different approaches can be required. Additional management attention may be needed.
• High (Red): risks in this zone are unacceptable, and different approaches are required. Priority management attention is required. Figure 1 Probability-Impact Matrix (Adapted from Shane, et al, (2012) In the questionnaire the respondents were asked to rate the probability of occurrence for each risk factor and their impacts on time, cost and quality in the road construction projects in Erbil. Then average values were calculated for each risk factor. The probability of occurrence and impacts of each risk factor on the project objectives (qualitative analysis of risk factors) is shown in the Table 2 . Risks can be prioritized based on their risk ranking for further quantitative analysis and planning risk responses by reducing the probability of their occurrence or the risks negative impact. According to the result of qualitative risk analysis two risk factors were found out as the prominent risk factors considering the project objectives (time, cost and quality). These risk factors are "delaying payment by the owner to contractor" and "absence of bank loans availability/funding availability". Besides, political force majeure (war and riot) was found out as the most significant risk considering the project success based on time dimension. A total number of 46 risk factors were found as having moderate importance from the view of cost dimension. The impact of the rest risk factors were found out as low and can be eliminated from further analysis.
Quantitative Risk Analysis
Quantitative risk analysis is the process of numerically analyzing the effect of identified risks on overall project objectives. The key benefit of this process is that it produces quantitative risk information to support decision making in order to reduce project uncertainty. It is used mostly to evaluate the aggregate effect of all risks affecting the project. Quantitative risk analysis should be repeated, as needed, as part of the control risks process to determine if the overall project risk has been satisfactorily decreased.
Quantitative risk analyses are commonly modeled through simulation methods. The simulation uses a model that translates the specified detailed uncertainties of the project into their potential impact on project objectives. Simulations are typically performed using the Monte Carlo technique that uses random number generators to draw samples from probability distributions. In Monte Carlo simulation, the project model is computed many times (iterated), with the input values (e.g., cost estimates or activity durations) chosen at random for each iteration from the probability distributions of these variables to generate a distribution for the total cost or schedule. A histogram (e.g., total cost or completion date) is calculated from the iterations. In the study, quantitative risk analysis was carried out through the Monte Carlo simulation with SPSS statics to develop a risk analysis model. Monte Carlo simulation was chosen because of its common use in risk management literature and it is the most effective way to compute probability distributions for overall cost and schedule considering the large number of risk events, project activities and their interconnectivity.
Monte Carlo simulation is a computerized mathematical technique that is commonly used to evaluate the risk and uncertainty that would affect the outcome of different decision options. Monte Carlo simulation furnishes the decision-maker with a range of possible outcomes and the probabilities they will occur for any choice of action. It shows the extreme possibilities along with all possible consequences for middle-of-the-road decisions. Monte Carlo simulation performs risk analysis by building models of possible results by substituting a range of values -a probability distribution-for any factor that has inherent uncertainty. It then calculates results over and over, each time using a different set of random values from the probability functions. Depending upon the number of uncertainties and the ranges specified for them, a Monte Carlo simulation could involve thousands or tens of thousands of recalculations before it is complete. Monte Carlo simulation produces distributions of possible outcome values. By using probability distributions, variables can have different probabilities of different outcomes occurring. Probability distributions are a much more realistic way of describing uncertainty in variables of a risk analysis (Palisade, 2018) . Monte Carlo methods are widely used in construction management area to incorporate the total effects of uncertainty in variables like cost estimation, option pricing, project schedules, as well as the effect of distinct risk events like the cancellation of a contract or the change of a tax law (Zhong et al., 2015; Salling and Leleur, 2015) . In this study, Monte Carlo simulation was used as a quantitative risk analysis method for generating a distribution for the total cost of identified risk factors for road construction projects.
In the data collection process for Monte Carlo Simulations, the projects were taken into consideration and the prices were taken as a percentage of the total cost, but if there is an individual project the total cost and all items cost should be taken for calculation, all the impacts on cost must transfer to price instead of percent. The results of Monte Carlo analysis are generally represented with probability distributions that reveal the uncertainty in values (Ashley et al, 2007) . Figure 2 illustrates probability outputs of Monte Carlo analysis for of identified risk factors for road construction projects.
Figure 2 Probability outputs from a Monte Carlo analysis for total costs
An additional output for the Monte Carlo analysis is Tornado Diagram that is also shown in Figure 3 . The tornado diagram is a graphic depiction of a sensitivity analysis. The tornado diagram is useful to know which risks (input) will have the greatest influence on project cost (output). The length of the bars in the diagram represents the rank order correlation between the risks and the overall cost. The risk factors that have higher correlation will have a high influence on the total project cost. Figure 3 illustrates the rank order correlation between risk factors and their effect on the total project cost. The technical risks take place on the top because they have the greatest influence on the total project cost. Construction risks, project management risks, organizational risks, political risks, economical & financial risks, right of way risks, environmental risks, and social & cultural risks are one of the important risk groups respectively considering their effect on the total project cost whereas natural risks have the lowest influence on the total project costs.
RESULTS AND DISCUSSION
Within the scope of the study, questions concerning the risk management attitude in road construction projects in Erbil were addressed to the respondents. The questions can be found below:
• Is the risk identification process carried out systematically in road construction projects in Erbil? If yes, in which phase? • Is the risk analysis process carried out systematically in road construction projects in Erbil? If yes, in which phase? • Is the risk response carried out systematically in road construction projects in Erbil? If yes, in which phase? • When is the risk analysis most effective in road construction process?
• What are the risk management approaches?
• What are the common risk groups for road construction projects in Erbil? According to the result of the survey questionnaire that was conducted with the professionals in road construction sector in Erbil; risk management (identification & analysis and response planning) was not carried out systematically in road construction projects in Erbil. Besides, majority of the respondents (42.9%) indicated that risk analysis should be carried out at the beginning of the planning phase throughout the project life-cycle. In risk analysis the most important issue is the timing according to the project life-cycle to be most beneficial. According to the PMBOK Guide (2018) project risk management is most effective when first performed early in the life of the project. In the context of risk management approaches, majority of the respondents (30.4%) adding a percent to cost and time would be efficient managerial approach to cope with the risks whereas a total of 7.1% indicated that various mathematical tools such as sensitivity analysis, present value, etc. should be chosen as a risk management approach. However, the method by adding a percent to cost and time to cope with the risks is ordinary followed by the organizations that lacks from risk management knowledge and is a traditional method, which is not so effective, it depends on the experiences. According to the survey results, in road construction projects in Erbil, employment a team for the risk analysis (73.2%) was commonly chosen rather than employment a manager for the risk analysis (26.8%). In the context of risk groups effecting the road construction projects in Erbil, technical risks were received the most significant concentration by the respondents. The followings were on the economical/ financial risks (14.4%), construction risks (13.8%), project management risks (12.3%), and environmental risks (10.3%), political risks (7.2%), social and cultural risks (7.2%), natural risks (5.6%), organizational risks (5.1%) and right of way risks (4.6%).
In the context of risk identification and analysis, respondents rated the probability of occurrence for each risk factor and their impacts on time, cost and quality in the road construction projects in Erbil using P-I matrixes. According to the qualitative risk analysis of risk factors for road construction projects in Erbil, technical risks were also found out as the most significant risk group considering their probability and impact. The results of the qualitative risk analysis also reveals that risk group of right of way was the least important risk group whereas the other ones had moderate significant importance.
Also, as it is seen from the tornado diagram that was shown in Figure 3 , the technical risks are the most significant risks considering their effect on the total project cost. Construction risks, project management risks, organizational risks, political risks, economical & financial risks, right of way risks, environmental risks, and social & cultural risks are the successive risk groups whereas natural risks are least important risk factors considering their effect on the total project cost.
From comparison between the two results; technical risks, construction risks and project management risks are the most significant ones that should be paid more attention in order to reduce their probability of occurrence or impacts.
CONCLUSIONS
The overall aim of this research was to increase the understanding of risk management in the road construction projects in Erbil in order to contribute effective implementation of the country's road infrastructure development program. Besides, preparing a potential check list for possible risk factors and developing a risk analysis model that can be used by the road construction project managers constitutes the main aim of the study. Therefore, risk factors affecting road construction projects in Erbil were identified with a comprehensive literature review. Identified risk factors were then prioritized based on their effect on cost, time and quality using probabilityimpact matrixes. According to the result of probability-impact matrixes, "delaying payment by the owner to contractor" and "absence of bank loans availability/funding availability" were found as the most important risk factors considering their impact on time, cost and quality for the road construction projects in Erbil. Also, a total number of 46 risk factors were found out as having a moderate importance. Qualitative risk analysis of risk factors shows that additional analysis is required for those 46 risk factors in order to sustain success in road construction projects in Erbil. In this context, Monte Carlo simulation was used as a quantitative risk analyses method. Monte Carlo Analysis (quantitative analysis) was used after qualitative analysis (P-I matrix) with the aim of reducing probability of occurrence or impact of the high and moderate risks later reapplying the quantitative analysis till an acceptable amount of the total cost of the project was obtained. Results of Monte Carlo simulation also shows that the technical risks are the most significant risks considering their effect on the total project cost.
The findings of the study provide a comprehensive systematic approach in risk identification and risk analysis for the authorities in Erbil who are responsible on road construction projects. The study focuses on the risk identification and analysis processes of risk management. Thus, the research opens to future evaluations in response planning and risk monitoring processes. The study can also be used as a guideline in order to perform risk analysis in different kind of construction projects. It is also possible to use this study as a base in order to compare if there exist any difference in road construction projects in different countries.
